Thermopower peak in phase transition region of (l-x)La 2 /3Cai/ 3 Mn03/xYSZ 
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The thermoelectric power (TEP) and the electrical resis- 
tivity of the intergranular magnetoresistance (IGMR) com- 
posite, (l-x)La2 / 3Ca 1/3 Mn03/xYSZ ( LCMO/YSZ ) with x 
= 0, 0.75%, 1.25%, 4.5%, 13% 15% and 80% of the yttria- 
stabalized zirconia (YSZ), have been measured from 300 K 
down to 77 K. Pronounced TEP peak appears during the 
phase transition for the samples of x > 0, while not observed 
for x = 0. We suggest that this is due to the magnetic struc- 
ture variation induced by the lattice strain which is resulting 
from the LCMO/YSZ boundary layers. The transition width 
in temperature derived from d\/dT, with \ being the AC 
magnetic susceptibility, supports this interpretation. 



I. INTRODUCTION 

The colossal magnetoresistance (CMR) material has 
been one of the focused points in the research com- 
munity due to its promising potential in the applica- 
tions and its complicated properties in the basic physics 
research. Many models have been proposed in the 
early days to discuss the observed phenomena, from the 
double exchange model 1-4 for the ferromagnetic phase 
at low temperature (LT-FM phase) to the bi-polaron 
model 5,6 for the paramagnetic phase at high tempera- 
ture (HT-PM phase). However, none of these alone can 
satisfactorily explain the complicated behaviors occur- 
ring during the Metal/Insulator (MI) or the Ferromag- 
netic/Paramagnetic (FM/PM) phase transition. Deeper 
understanding into the physics of the CMR phase tran- 
sition is therefore necessary. Among the existing models, 
the percolation theory of the FM/PM coexistence in the 
phase transition has received much attention with many 
supporting evidences 7-9 . 

In some of the previous reports for the TEP measure- 
ments on the manganites, a pronounced positive peak 
or an abrupt jump has been observed during the phase 
transition 10-12 . However, there have been other reports 
on the samples of the same compositions without ex- 
hibiting any peak or jump in the TEP during the phase 
transition 13 ' 14 . In one of our previous experiments 15 , the 
(Lai_ 2; Y :E )2/3Ca 1 /3Mn03 samples with x = 0, 0.05, 0.15, 
0.20 have been studied. There is a TEP peak show- 
ing up during the phase transition for the high doping 
sample, x — 0.2, while not observed for the other low 



doping ones. An intermediate phase resulting from the 
magnetic structural inhomogeneity induced by the lattice 
mismatch, which is a direct result of the random distri- 
bution of different Perovskites A-site cations, has been 
proposed to explain this phenomenon. By the similar 
mechanism, any defect-induced mismatch or the strain 
propagated from the interface layers in the lattice would 
introduce similar effect on the magnetic structure. Hence 
a TEP jump would appear during the phase transition. 
This behavior in TEP have been observed in the thin film 
sample of single crystal La2/3Cai/3Mn03 10,11 , and in the 
samples of Lao.7Cao.3Mn03 by different heat treatment 
in the oxygen environment 16 . The underlying cause for 
the TEP peaks to occur is perhaps other than an intrinsic 
one as suggested with the charge-orbit coupling 17 or the 
band narrowing 12 effects. Instead, the lattice mismatch 
caused by the strain resulting from the substrate for the 
former case and from the deficiency of the oxygen for the 
latter one would, perhaps, provide a consistent picture 
for the understanding. 

In order to gain deeper insights into the properties of 
the CMR manganites, especially during the phase transi- 
tion, we have carried out extensive measurements on the 
series of the samples, the (l-x)La 2 /3Ca 1 / 3 Mn03/xYSZ 
compound with x = 0, 0.75%, 1.25%, 4.5%, 13%, 15%, 
and 80%. These include the temperature dependent re- 
sistivity (p — T), the TEP, and the AC susceptibility 
measurements. The correlation of the TEP peak with 
the YSZ composite ratio, x, has been studied. The lat- 
tice strain induced by the boundary layers of the YSZ 
insulator intermixed with the LCMO phase provides a 
satisfactory basis for the understanding of the TEP peak 
to appear during the phase transition. In addition, the 
structure effect of the two-component composite on the 
electrical transport properties and the phase transition 
temperature Tc has been explained within the frame- 
work of the percolation theory. 



II. SAMPLE PREPARATION 

The LCMO/YSZ samples were fabricated by double- 
staged production procedure as reported previously 18 . 
Nanometric powders of the LCMO was first prepared by 
the sol-gel method and then sintered at 1300 °C for 10 
hours to obtain powdered crystals of grain size ~ 20 /im. 
Then, it was mixed thoroughly with the YSZ powders 



of grain size ~ 2 ^m for the heat treatment in the am- 
bient air environment at 1350 °C for another 10 hours. 
The crystal structure was then characterized by the X- 
ray diffraction (XRD) analysis using the Cu K a source. 
The YSZ phase is identified for the samples of x > 5%, 
and the lattice parameters of the LCMO phase remain 
unchanged within the level of 0.001 A for all of the sam- 
ples. This evidence indicates that the LCMO and the 
YSZ phases exist independently to form solid intermix- 
ture, without the inter-diffusion of the ions from the YSZ 
phase into the LCMO phase during the heat treatment. 
The results by the SEM images provide further evidence 
that the YSZ phase exists separately from that of the 
LCMO 18 . 



III. EXPERIMENT 

The zero-field temperature dependent resistivity (p — 
T) measurements have been carried out by the standard 
4-probe method. Typical p — T curves of the CMR ma- 
terials are obtained and presented in Fig. 1 for all of 
the samples except for the one of x = 80%, which has 
the insulator property with the resistance > 10 12 fi. The 
temperature and the resistivity of the MI transition peak 
have been plotted against the mixing ratio, x, in the inset 
of Fig. 1. The zero-field p — T property from the present 
work is consistent with the result reported in the previous 
experiment 18 . The lowest transition temperature occurs 
at x m = 4.5% with the corresponding peak resistivity 
having the largest value, see the inset of Fig. 1. At the 
low mixing ratio with x < x m , the distribution of the YSZ 
forms insulation layers encompassing the LCMO clusters 
completely This has been confirmed by the direct SEM 
observation. At this structure, the mechanism of the elec- 
trical conductance between the LCMO phase separated 
by the YSZ phase is realized by the tunnelling conduction 
through the insulating YSZ layer. With the x increasing 
from to x m , the size of the LCMO cluster decreases 
with the inter-granular effect going up 18 . Accordingly, 
the peak resistivity, p pea k, increases and the peak tem- 
perature, T p , goes down, at the increasing x, see the inset 
of Fig. 1. On the other hand, for the high x samples at 
x > x m , the insulating YSZ phase tends to form cluster- 
like structure and the LCMO phase would constitute a 
3-dimensional percolation connection without being sur- 
rounded completely by the YSZ phase. This makes the 
conduction behavior of the high x samples tends to re- 
semble the one of x = at the LT-FM phase. For the 
sample of x = 80 %, which exceeds the threshold density 
by the percolation theory, the conducting passage is dis- 
connected within the sample by the YSZ insulator and 
the insulation state is resulted. 

The temperature dependent TEP measurement (S — T 
measurement) has been conducted by the differential DC 
method from 320 K down to 77 K. The results are shown 
in Fig. 2. For the particular sample of x = 0, which 



is La2/3Cai/3Mn03, the TEP shows a smooth transi- 
tion from the low temperature metallic behavior to the 
high temperature 1/T diffusive behavior. With the mix- 
ing of the YSZ component into the LCMO phase, the 
composite compound, LCMO/YSZ, exhibits the usual 
metal-like TEP behavior in the LT-FM phase and the 
usual semiconductor-like property, i.e., the 1/T depen- 
dence, in the HT-PM phase. However, in high contrast 
to the result for the sample of x = 0, an abrupt jump 
appears in the TEP during the phase transition for all 
of the samples with x > except for the one of x = 
80%. It is difficult to make a reasonable measurement of 
the TEP for x = 80% because of its insulation property 
The above results from the TEP measurements imply 
that the appearance of the jump is associated with the 
existence of the boundary layer between the YSZ phase 
intermixed with the LCMO phase, since it appears even 
for the composite ratio as little as x = 0.75 %, consid- 
ering that the YSZ phase is insulating by itself without 
an experimentally-determined TEP value and the LCMO 
phase alone exhibits smooth transition during the phase 
transition. 

By the fact that the electrical measurement does not 
have the corresponding abrupt change during the phase 
transition, the TEP actually reveals more subtle vari- 
ation of the phase transition. Considering the materi- 
als consisting of multiple components with different elec- 
trical conductivity, the TEP reflects the contributions 
from the separate composing ingredients weighted by the 
corresponding conductivity. For the LCMO/YSZ mate- 
rial at x > x m , unlike the electrical conductance which 
reflects predominantly the conducting property of the 
components with high conductivity, the TEP has a non- 
negligible or sometimes very large contribution from the 
poor conducting parts of the sample because of the fact 
that materials of poor conductivity usually have higher 
TEP value. At x < x m , the resistivity of the LCMO 
phase enclosed by the YSZ layer mainly reflects the in- 
tcrgranular effect. However, for the TEP, phonon motion 
is the major factor to affect the electron movement. The 
temperature drop across every composition of the sam- 
ple is homogeneous. Hence, it is more sensitive to the 
property variation occurring in the boundary layer. In 
Fig. 3, the peak temperatures of the MI transition, T p , 
and the TEP maxima, T$, are plotted against x. The 
effect of the YSZ composition on these two characteris- 
tic temperatures are similar with the minimum temper- 
atures occurring at x m = 4.5 %. However, the variation 
amplitude of T$ is much less than that of T p . Since the 
electrical conductance is affected mainly by the high con- 
ducting composition of the sample and the TEP, which is 
the transport property of zero current, reflects the overall 
property of the sample. Therefore, the TEP has smaller 
x dependence than the electrical conductivity does. 

Similar positive jump has been observed on the 
Yttrium-doped manganites, (Lai_ x Y x ) 2 /3Cai/3Mn03 in 
the previous experiment 15 and has been interpreted as 



due to the magnetic structural inhomogencity caused by 
the doping-induced lattice mismatch. Hence, it is rea- 
sonable to infer that the positive jump occurring under 
the current investigation for the LCMO/YSZ samples is 
caused by the magnetic inhomogencity resulting from the 
lattice mismatch, which is induced by the strain from 
the boundary layer of the YSZ and the LCMO phases. 
The lattice variation would modify the coupling strength 
between the adjacent magnetic moments and result in 
the inhomogeneous distributions of the PM/FM mag- 
netic phases in the surrounding regions of the boundary 
layers. 

The magnetic transition is studied by the AC magnetic 
susceptibility measurements. The applied AC field for 
the measurements is 10 Oe at 133 Hz with a background 
field close to zero. Temperature range for the measure- 
ments is from 300 K down to 10 K. The transition for 
all of the samples appears to be smooth. One can deter- 
mine the magnetic transition width in temperature, AT, 
by calculating dx/dT . For a ferromagnetic transition, 
dx/dT shows a peak at the transition temperature Tq 
with the width characterizing the transition sharpness. A 
sharp transition in temperature is obtained for the sam- 
ple of x = while a much wider transition, at least twice 
that of the x = 0, for the rest ones. This indicates that 
the effect of the magnetic inhomogeneity induced by the 
strain of the boundary layer is non-negligible. In Fig. 4, 
the TEP peak value, S pea k, and the magnetic transition 
width in temperature, AT, are plotted against x. Similar 
x-dcpendence of these two quantities revealed in the fig- 
ure further supports our conjecture that the abrupt jump 
in the TEP measurement is strongly correlated with the 
magnetic inhomogeneity caused by the boundary strain. 

In some of the previous experiments, magneto- 
thermoelectric effect has been performed on the 
Lao.erCao.^MnOs thin film, 10 ' 11 . Two implications are 
obtained in consistent with the explanations for our ex- 
periment. First of all, the TEP peak appears in the thin 
film sample of single crystal LCMO phase without any 
doping or intermixing effect. This is different from the 
TEP behavior of the pure LCMO sample, x = 0, observed 
in the current experiment. However, if one takes into ac- 
count the strain effect of the boundary layer adjacent to 
the substrate for the thin film sample, the underlying 
cause for the TEP peak would be the same as in our 
experiment. The second implication is that the cause 
for the TEP peak is magnetic, since the applied field 
would suppress the magnitude of the peak and display 
the magneto-thermoelectric effect. 



IV. CONCLUSION 



existence structure for the investigation of the electri- 
cal conductance within the LCMO phase. The conduc- 
tance changes from the tunnelling region at low x, with 
the thin layer of YSZ insulator encompassing the LCMO 
phase, to the percolation conductance region at high x, 
in which the YSZ forms cluster-like structure with the 
LCMO phase existing in percolation-typed connection. 
The peak temperature, T p , in the p — T measurement, 
has a minimum at x — 4.5 %, with the corresponding 
resistivity value, p pea k, reaching the maximum, inset of 
Fig. 1 . This corresponds to the cross-over region from the 
tunnelling to the percolation-typed conductance. The 
temperature of the peak in the TEP measurement, Ts, 
has a similar x-dependence as the MI transition, but with 
a much smaller variation range as shown in Fig. 3. This 
is owing to the fact it is a zero current transport prop- 
erty. The poor conducting part of the sample, though 
contributes much less in the electrical conductance, has 
an important contribution to the TEP behavior. Sec- 
ondly, the existence of the YSZ composition introduces 
boundary layer into the LCMO phase. The appearance 
of the TEP peak depends crucially on the existence of 
the YSZ composition. It takes the YSZ ratio as little as 
x = 0.75% to induce large TEP peak, see Fig. 2. This 
indicates that the underlying cause for the TEP peak to 
occur is on the boundary layer rather than on the bulk 
YSZ composition. One of the plausible conjectures is 
that the strain in the boundary layer would modify the 
coupling strength of the magnetic moments within the 
layer and affect the conduction property due to the in- 
homogeneity of the magnetic composition. From the x 
dependence of the magnetic transition width in tempera- 
ture, AT, determined by dx/dT, see Fig. 4, it shows that 
the transition width is highly enlarged in accordance with 
the existence of the YSZ phase. For the sample of x = 0, 
on the other hand, the transition is much sharper. This 
indicates that the boundary layer plays an important role 
on the magnetic structure along with the TEP behavior 
during the CMR phase transition. From the magneto- 
thermoelectric effect performed on the Lao.67Cao.33Mn03 
thin film in the previous experiments 10,11 , one can reach 
the conclusion that the TEP peak is induced by the lat- 
tice strain in the boundary layer of the LCMO phase and 
is magnetic in origin. 



V. ACKNOWLEDGEMENT 

This work is partially supported by the Doctoral Foun- 
dation of the National Ministry of Education through the 
Grant No. 2000000146 of the P. R. China. 



For the (l-x)La 2 /3Ca 1 / 3 Mn03/xYSZ compound, the 
existence of the YSZ insulator introduces two major ef- 
fects into the original pure LCMO materials. First of 
all, this is to produce artificially the two-component co- 
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FIG. 1. The p-T curves for the LCMO/YSZ samples with 
x = 0, 0.75%, 1.25%, 4.5%, 13%, and 15%. The inset presents 
the x dependence of the peak temperature, Tp, and the resis- 
tivity of the peak, p pea k, in the p — T measurements. 



FIG. 2. The temperature dependence of TEP from 77 K to 
320 K for the samples of x = 0, 0.75%, 1.25%, 4.5%, 13%, and 
15%. The sample of x = is the pure LCMO poly crystalline. 



FIG. 3. The x dependence of the peak temperatures, Tp, 
in the p — T measurement and, Ts, in the TEP measurement. 



FIG. 4. The x dependence of the TEP peak value, S pea k, 
and the magnetic transition width in temperature, AT. 
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